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Current Challenges

The ultimate objective of any package is to deliver the product safely to 
fi nal consumption. During this journey, a bottle is subjected to and must 
withstand diff erent loads and environment during production, shipping, 
stacking and handling. There may be additional dispensing characteristics 
that the package has to provide during fi nal use. Therefore, the bottle must 
meet certain structural behavior standards related to top load, drop test, 
internal hydrostatic loading, etc. 
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There is a continual economic and environmental push for minimizing plastic bottle weight. 
Terms like downgauging, weight reduction, weight minimization and minimal environmental 
footprint are being used more and more often. In the past, manufacturers have focused their 
R&D eff orts on downgauging, which refers to reducing weight while still maintaining required 
function. As an example, the weight of a 1 gallon milk jug (HDPE) has been reduced by nearly 
100 percent in the last 20 to 30 years. Similarly, PET soda bottle weight has been reduced by 
nearly 30 percent since the product was fi rst introduced. 

As living standards improve all over the world, the need for plastic packaging is on the rise. 
Product development groups continually create novel designs and shapes that are attractive 
to consumers, especially younger generations. While it took nearly 20 years to fi ne-tune milk 
jugs and soda bottles to achieve their current weights, the industry expects that the new 
designs must hit the market as already downgauged. This can be achieved only via continuous 
innovation throughout the entire blow molding process, even including research in  the 
material science phase. This paper describes how the process of virtual prototyping in blow 
molding can be a very eff ective tool to ensure that new bottle designs achieve the objective of 
weight reduction while still fulfi lling function. 
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The structural behavior of the bottle depends on the material, of course, 
but it also depends on the design as well as material distribution over 
the bottle. Unlike injection molding, blow molding inherently never 
provides a uniform-thickness product. This poses both a challenge and 
an opportunity: distributing the material over the bottle wall where it is 
needed and shaving it off  where it is not. One of the processes used to 
accomplish this is commonly called parison programming. Alternatively, by 
properly selecting or even designing a preform, the same objective can be 
accomplished.

Virtual Prototyping

As discussed, bottle structural behavior is design-, material- and process-
dependant. Virtual prototyping takes all of these aspects into account 
when predicting bottle structural behavior (Figure 2). Starting from the 
3-D CAD design, once the material properties are determined and the blow 
molding process is selected, extrusion blow molding (EBM), injection blow 
molding (IBM) or injection stretch blow molding (ISBM) can be simulated. 
The fi nal material distribution is then mapped onto an FEA structural model 
to predict behavior under the required conditions (top load, drop, burst, 
vacuum, etc.). 

Depending on the structural test outcome, the result either is acceptable 
or requires change to the blow molding process or the part design itself. 
Since the entire virtual prototyping process is a closed loop comprising the 
production and testing processes, the eff ects of varying any of the input 
parameters can be quickly studied. Because it is a completely closed-loop 
system, virtual prototyping opens the door for full goal-driven optimization 
(GDO) and design for six sigma (DSS). 

Blow Molding Process

The inputs required for a successful blow molding process simulation are:

• CAD representation for the part mold and parison (or preform, Figure 3)
• Material properties of the polymer
• Initial thickness distribution of the parison or preform (Figure 5)
• Process description, mold-closing pattern, pressure timing and 

magnitude, etc.

The typical outputs of the blow molding simulation are:
• Material distribution (Figure 4)
• Temperature distribution
• Final part shape and its dimensions
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Figure 1. Weight reduction in 1 gallon HDPE milk jug and 2 liter 
PET soda bottle
Source Exxon Mobile Chemical Company.

Figure 2. Complete virtual prototyping in bottle blow molding

Figure 3. Parison and mold description for 
EBM process
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The general modeling advantages include the ability to quickly study 
the eff ect of various inputs on the fi nal outcome of the blow molding 
process. For example, if you know what the fi nal material distribution 
should be, modeling can answer the question, “What should the initial 
thickness variation of the parison/preform be to reach that fi nal material 
distribution?” Figure 5 shows the required parison initial distribution 
compared with an initial guess of a uniform variation to reach the fi nal 
thickness variation shown in Figure 6. The bottle shown in the fi gure is 
expected to be stronger since it does not have any weak areas that are 
locally very thin (dark blue). 

Structural Test Examples

The most common structural tests/loadings are:
• Top loading (empty/fi lled)
• Pressure/vacuum
• Squeeze (side) 
• Burst

These tests may mimic scenarios faced during the manufacturing process, 
shipping/handling or end use. A design is considered out of spec, of course, 
if the bottle fails to preserve the end product and/or it experiences enough 
plastic deformation that would arouse suspicion about the quality of the 
product inside (bent neck, squished corners, etc.). Another unacceptable 
design is if the bottle experiences just enough elastic deformation under 
hydrostatic loading to make it not fi t in a desired space (shelf or conveyor 
belt, for example).
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Figure 4. Final material 
distribution of blow 
molded bottle

Figure 5. Initial parison thickness variation for baseline and 
optimized cases through parison programming

Figure 6. Final bottle thickness variation for baseline and 
optimized cases through parison programming



Blow Molding Process Eff ect on Structural Performance

As mentioned before, bottle structural performance depends on the 
material, the thickness variation along the bottle, and the bottle design 
itself. Thus, a realistic top-load performance, for example, can be predicted 
within reasonable accuracy only if the variable thickness variation is taken 
into account. This is why mapping the thickness obtained from the blow 
molding simulation to the FEA tests is needed (Figure 10).

Bottle Weight Reduction as Goal-Driven Optimization

Virtual prototyping’s true benefi t is when it is used to optimize bottle 
design and the blow molding process to reach design objectives. For 
example, considering the top-load strength and bottle weight as two 
competing design objectives, an interesting GDO problem is, “What should 
be the initial thickness variation of a parison that would lead to such a 
design?” Since virtual prototyping already off ers a closed-loop simulation 
environment in which  blow molding results are automatically mapped onto 
the FEA model of interest, wrapping an optimization algorithm around that 
closed loop is actually a simple, yet very eff ective, task.

The fi rst step of the GDO process is running a design of experiments (DOE) 
in which the feasible design space is covered. This usually entails automatic 
creation and solution of tens, maybe hundreds, of simulations. Then, the 
DOE can be used to mathematically represent a response surface model 
(RSM), which is simply a mathematical description of the entire system’s 
performance. This includes the blow molding process and the structural 
behavior of the bottle since, as far as virtual prototyping is concerned, it is 
a continuous system. Finally, the RSM can be used to mathematically fi nd 
the optimum design(s) that yield the required objectives related to bottle 
weight and required strength.
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Figure 7. 
Typical top 
load results

Figure 8. Total deformation due to hydrostatic loading

Figure 9. Total deformation from drop test



Conclusion

Virtual prototyping as implemented in blow molding off ers a very attractive 
way to optimize both the blow molding process and the blow molded part 
design to yield to the desired bottle performance at a minimized weight 
in an accelerated manner. This results in cost savings and accelerated 
adaptability to new designs.
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Figure 10. Mapped thickness from blow molding process to 
structural FEA model


